The management of colorectal cancer (CRC) should be undertaken using a multi-modal approach, taking into account the extent, localization and biology of the tumor, as well as individual patient factors.
Practical Implications
The initial diagnosis of CRC is generally done using colonoscopy, accompanied by histological confirmation of the biopsy. Important staging factors are the depth of tumor invasion, regional lymph node (LN) involvement and distant metastases. The standard curative treatment for colon cancer is surgical resection including colectomy with optimal LN dissection. For rectal cancer, an accurate diagnosis of tumor location, T stage, N stage and relationship of the tumor to the mesorectal fascia are important for defining a therapeutic strategy. Surgery, however, is also the mainstay of treatment. For patients with stage III colon cancer, the benefits of adjuvant therapy using the FOLFOX regimen are well-established. However, this has not been formally demonstrated for rectal cancer patients. For those with resectable liver metastases, the use of perioperative FOLFOX4 regimen resulted in improved 3-year disease-free survival, though the optimal sequence of chemotherapy still remains to be defined. Finally, the management of metastatic CRC involves the use of various drugs used either alone or in combination, including 5-FU/ LV, capecitabine, irinotecan, oxaliplatin, bevacizumab, cetuximab, panitumumab, zivaflibercept and regorafenib.
Introduction
preceding treatments, regardless of the information regarding T stage. CT can accurately assess the presence of distant metastatic disease, even though the overall accuracy of CT varies with the stage of colon cancer. The accuracy of CT has been reported to be 67% for T staging, 69% for N staging and 95% for M staging [7] . Other modalities for the evaluation of the M stage including magnetic resonance imaging (MRI; gadoxetic acid [Primovist]-enhanced) is helpful in the further diagnosis of equivocal liver lesions detected using CT. Fluorodeoxyglucose ( 18 F) positron emission tomography should not be used routinely for initial staging; it is more sensitive than CT in ruling out extra-hepatic metastases. CT colonography (virtual colonoscopy) is not a standard procedure. Consequently, it could be helpful in the detection of synchronous colon cancers or polyps if colonoscopic examination is incomplete [8] .
In terms of rectal cancer, the accurate diagnosis of tumor location, T stage, N stage and the relationship of the tumor to the mesorectal fascia (potential circumferential resection margin involvement) is important in defining the treatment strategy. MRI is the recommended modality for initial staging and preoperative planning in rectal cancer, because it can accurately define tumor localization, with regard to the relationship of the tumor to the peritoneal reflection or the anal sphincter complex. MRI provides superior resolution regarding the mucosal layers of the rectum and has the ability to predict the T stage in relation to an anatomical structure, including the mesorectal fascia [9] . Some studies have demonstrated that the distance between the tumor and the mesorectal fascia measured using MRI can predict a negative circumferential resection margin on subsequent histopathology [10] . MRI or multidetector CT are usually performed for the diagnosis of N stage, but these modalities are not accurate enough to predict nodal metastases; the sensitivity and specificity in detecting nodal metastases in rectal cancer were 66 and 76%, respectively, for MRI and 55 and 74%, respectively, for CT [11] .
Therapeutic Management
The management of CRC should be a multi-modal approach according to tumor localization, extent and biology, and patient factors. Although optimal surgical resection is still the mainstay of curative treatment, optimal multi-modal treatments could maintain long-term survival, quality of life and even cure in selected patients. Treatment and management decisions regarding CRC must be founded on evidence-based guidelines, including the National Comprehensive Cancer Network (NCCN) and the European Society for Medical Oncology (ESMO) guidelines [2, 8] . These guidelines are intended to establish standard treatment strategies for CRC and to eliminate disparities among the various institutions in terms of treatment.
Surgery
With regard to colon cancer, surgical resection including colectomy with optimal LN dissection is the mainstay of curative treatment, at least for stages ≥ T2 N0 M0. According to the ESMO guidelines, resection should include a segment of colon that is at least 5 cm in length on either side of the tumor. In the JCCRC guidelines, the length of the colon segment is defined by the classification of the pericolic LNs based on the location of the tumor and feeding artery [6] . There is a positive relationship between the number of LNs resected and accurate staging, risk of recurrence and survival outcomes in stage II or III CRC [12] . The current evidencebased standard according to the NCCN guidelines is that ≥ 12 LNs be removed and examined for tumor invasion in order to accurately identify stage II cancer [13] .
Laparoscopic colectomy may be an option for patients whose tumors are not located in the rectum or transverse colon, as well as for patients without locally advanced acute bowel obstruction or perforation [13] . Only experienced surgeons skilled in open abdominal ex-ploratory surgery should perform laparoscopic colectomy; both closed and open procedures are therapeutically equivalent when performed by skilled surgeons in institutions where these procedures are frequently conducted [14] .
Surgery is also the mainstay of treatment for rectal cancer. Total mesorectal excision is the standard surgical procedure recommended for all rectal cancers localized in the middle and lower third of the rectum. Lateral LNs are defined as those that are drained by the middle rectal artery or that are located along the internal iliac vessels. In Japan, lateral LN dissection has been performed for advanced lower rectal cancer ( ≥ T3) to reduce the risk of local relapse, even though the significance of the survival benefit remains unclear. The NCCN guidelines recommend chemoradiotherapy for patients with ≥ T3 tumors or with LN metastasis irrespective of the invasion depth of the primary tumor [13] .
Management of the primary tumor in the setting of unresectable metastases is still controversial. Recent pooled analysis has suggested that resection of the primary tumor may provide some survival benefit in the setting of unresectable metastases [15] . Conversely, the National Surgical Adjuvant Breast and Bowel Project (NSABP) C-10 trial showed that patients with an asymptomatic primary lesion and unresectable metastases who received mFOLFOX6 plus bevacizumab, without upfront resection of the primary, experienced an acceptable morbidity with an overall survival time of 19.9 months [16] . At this time, given the balance of risks and benefits associated with surgery, palliative resection of the primary tumor should only be considered for patients with unequivocal symptoms, likely obstruction or bleeding [2] .
Adjuvant Chemotherapy
The benefit of adjuvant therapy for patients with stage III colon cancer has been established. The Multicenter International Study of Oxaliplatin/5-Fluorouracil/Leucovorin in the Adjuvant Treatment of Colon Cancer (MOSAIC) trial found that FOLFOX4 was clearly superior to 5-FU/LV only in the case of patients with stage III colon cancer [17] . This study established the FOLFOX regimen as the standard adjuvant setting for patients with stage III colon cancer. The results of several studies that have evaluated the other oxaliplatin-based regimens, FLOX or CapeOX (capecitabine/oxaliplatin), mirrored the outcome of the MOSAIC trial; these regimens are options for patients who are unable to tolerate FOLFOX. Conversely, adding irinotecan to adjuvant 5-FU/LV was not found to be of additional benefit in these clinical trials. 5-FU or capecitabine are recommended alternative drugs for patients who cannot be administered oxaliplatin.
There is currently no evidence that molecularly targeted agents such as the vascular endothelial growth factor (VEGF) inhibitor bevacizumab or the epidermal growth factor receptor (EGFR) inhibitors cetuximab or panitumumab have a role in the adjuvant setting of CRC. In the NSABP C-08 trial, patients with stage II and III colon cancer were randomized to bevacizumab plus mFOLFOX6 or to mFOLFOX6 alone. At 15 months, patients receiving bevacizumab had significantly longer disease-free survival, but 3 years after treatment there was no significant difference relative to the disease-free survival of patients treated with mFOLFOX6 alone [18] . Similarly, the AVANT trial involving a comparative evaluation of FOLFOX4, bevacizumab plus FOLFOX4, and bevacizumab plus oxaliplatin/capecitabine in patients with high-risk stage II or stage IIII colon cancer showed no benefit as a result of the addition of bevacizumab.
In relation to stage II colon cancer, the absolute benefit of adjuvant therapy has not yet been defined. In several studies, adjuvant therapy has been reported to offer only a 2-4% survival advantage over surgery alone. However, a subset of patients with high-risk factors for recurrence related to the primary tumor characteristics might benefit from adjuvant therapy. The American Society of Clinical Oncology (ASCO) continues to recommend that patients with stage II CRC should not routinely receive adjuvant therapy; this may be considered for specific high-risk patients with T4 lesions, perforation, inadequate LN sampling or poorly differentiated histology. Similarly, the ESMO suggests that stage II patients must be separated into high-and low-risk groups, according to the presence of at least one of the following tumor-related risk factors: LN sampling <12, poorly differentiated tumor, vascular or lymphatic or perineural invasion, pT4 stage or clinical presentation with intestinal occlusion or perforation [8] . The standard regimen for high-risk stage II patients is still equivocal because the benefit of the addition of oxaliplatin to 5-FU is very small. In the MOSAIC trial, the addition of oxaliplatin to the chemotherapy regimens of high-risk stage II patients did not achieve a significant trend regarding improvement in disease-free survival as compared with 5-FU alone [17] . However, recent analyses of the results from the NSABP C05-C08 trial demonstrated a 2-3% benefit in the 5-year overall survival rate regarding the addition of oxaliplatin to 5-FU-based adjuvant chemotherapy in stage II colon cancer [19] .
In contrast to colon cancer, the value of adjuvant chemotherapy after surgery and preoperative radiotherapy in rectal cancer is limited and its efficacy has not formally been proven. Although the standard treatment regimen is still equivocal, patients with stage III and II rectal cancer are usually treated with postoperative chemotherapy involving 5-FU or capecitabine, with or without oxaliplatin, based on data from colon cancer studies [2, 8] .
Chemotherapy for Resectable Metastatic CRC
In patients with resectable liver metastases, the administration of perioperative FOLFOX4 has been shown to deliver a 9.2% improvement in the 3-year disease-free survival relative to resection of liver metastases alone [20] . In the ESMO guidelines, the administration of perioperative chemotherapy, and preoperative and postoperative FOLFOX over 3 months is recommended for initially R0-resectable metastatic disease [8] . Recently, the New EPOC study evaluated the value of perioperative chemotherapy with the addition of cetuximab for resectable liver metastases in patients with wild-type KRAS ; a lower progression-free survival time (14.1 months in the cetuximab plus chemotherapy arm vs. 20.5 months in the chemotherapy arm, p = 0.030) was found in the cetuximab arm, with no additional improvement in response rate, resectability and pathological response. Theoretically, preoperative chemotherapy will help remove micrometastatic disease; in addition, in planning postoperative chemotherapy it will help determine whether or not the tumor is responsive to the regimen. However, the optimal sequencing of chemotherapy for patients with resectable metastatic disease remains unclear.
Chemotherapy for Unresectable Metastatic CRC
The current management of metastatic CRC involves various active drugs, given either in combination or as single agents; these are 5-FU/LV, capecitabine, irinotecan, oxaliplatin, bevacizumab, cetuximab, panitumumab, ziv-aflibercept and regorafenib [2] . The selection of treatments is based on considerations regarding the aim of the therapy, tumor biology, patient-related factors and drug-related factors.
In the NCCN guidelines, available chemotherapies in the first-line setting are: FOLFOX ± bevacizumab, CapeOX ± bevacizumab, FOLFOX ± panitumumab ( KRAS wild-type gene), FOLFIRI ± bevacizumab, FOLFIRI ± cetuximab or panitumumab ( KRAS wild-type gene), 5-FU/ LV or capecitabine ± bevacizumab, and FOLFOXIRI [2] . Bevacizumab can be combined with all FU and oxaliplatin or irinotecan combinations. The addition of bevacizumab to either the irinotecan-based or the oxaliplatin-based regimen has been reported to significantly improve progression-free and overall survival [21] . However, the impact of bevacizumab on tumor response and shrinkage (including 'early tumor shrinkage' and 'deepness of response') is unclear; therefore, a bevacizumab-based combination therapy might not be preferentially used in patients requiring maximum tumor shrinkage. In the KRAS wild-type tumor, cetuximab in combination with FOLFIRI and panitumumab with FOLFOX has been shown to increase the response rate, progression-free survival and overall survival, particularly in the case of liver-limited disease [22] . Chemotherapy combined with anti-EGFR agents, especially with cetuximab, should be carefully selected. Combinations of cetuximab and oxaliplatin (+ capecitabine) could be harmful to patients with the KRAS wild-type tumor. Recently, in the FIRE-3 study, a head-to-head comparison of cetuximab and bevacizumab in a first-line setting was carried out. Overall survival was reported to be significantly longer in patients treated with FOLFIRI plus cetuximab relative to FOLFIRI plus bevacizumab, even though no difference in overall response rate (primary endpoint) and progression-free survival between both arms was observed. Definite information regarding the comparative efficacy of bevacizumab or anti-EGFR in combination with chemotherapy will soon be available from the US Intergroup trial (CALGB/SWOG 80405). The new targeted drug, aflibercept, has achieved a significantly increased response rate, progression-free survival and overall survival in combination with FOLFIRI in a second-line setting, including previous bevacizumab failures (AFFIRM trial) [23] . Regorafenib is a dual targeted VEGFR2-TIE2 tyrosine kinase inhibitor, which has been reported to deliver a significant improvement in progression-free and overall survival in third-/last-line therapy as a single agent as compared with a placebo [24] .
The optimal choice of the first-line treatment should be based on the clinical presentation and patterns of tumor biology, resectability of the disease, patient-related factors and drugrelated factors. In the ESMO guidelines, patients with metastatic CRC are classified into four clinical groups: group 0, R0-resectable liver or lung metastases; group 1, liver or lung metastases that are not R0-resectable but might become resectable after downsizing using induction chemotherapy; group 2, multiple metastases with rapid progression or tumor-related symptoms; and group 3, multiple metastases without major symptoms and risk of rapid deterioration. In group 0, the aim of treatment is cure and the first choice of treatment remains surgical resection. In group 1, the most active combination regimen which can induce the maximum possible tumor shrinkage should be selected up front. In group 2, the aims of treatment are to achieve rapid regression of metastases and at least disease control. Therefore, an upfront relatively active combination regimen should be selected according to the tolerance of the patients. In group 3, the aims of treatment are prevention of tumor progression with symptom disappearance and prolongation of life with minimal treatment burden. Consequently, treatment should be selected according to disease characteristics and patient preference with regard to toxicity and efficacy [8] .
In the Treatment across Multiple Lines (TML) trial, patients with metastatic CRC who progressed after treatment with regimens containing bevacizumab in a first-line setting received second-line therapy consisting of a changed chemotherapy backbone, with or without bevacizumab. Overall survival time was significantly longer in patients continuing on bevacizumab (hazard ratio = 0.81; p = 0.0062) [25] . Based on this study, the continuation of bevacizumab after progression (the bevacizumab beyond initial progression [BBP] strategy) was one of the standard strategies used in a second-line setting [2] . However, the indication for the BBP strategy should be carefully selected because the TML trial excluded patients with rapidly progressing disease (progression-free survival <3 months) in first-line treatment or with a poor performance status.
Predictive Markers for Chemotherapy
Predictive markers for efficacy are important in the individualization of the optimal chemotherapy; they are also important in avoiding unnecessary treatment, toxicity and the financial costs associated with therapy. The presence of the KRAS (exon 2) mutation can be used to exclude patients from treatment with EGFR antibodies. Recently, other mutations in
